The use of games and simulation has now spread as a teaching support tool of engineering. This article aims to discuss this reality and this need, presenting as proposed a didactic game in a signature's factory. From this, it was suggested that the participants involved modify the simulated factory environment through the knowledge acquired during the factory design discipline and layout. Various topics related to Production Engineering were addressed, such as layout, Takt time (TT), standardization of processes, elimination of waste and activities that add / do not add value. As a result, it was possible to see, among many things, the significant improvement in the understanding and assimilation of theoretical concepts by the participants. With the practice of simulation one can demonstrate and experience possible cases and difficulties they face on a daily basis within the factory environment.
Introduction
The profile of undergraduate students has been changed, forcing a constant evolution in the teaching of Production Engineering, because of access to technologies available today. According to Carvalho et al. (2001) , academic training of the engineer cannot be made only by formulas and concepts, one must be prepared to make decisions, seek information and know how to apply it, having a systemic view. According to Moscinski (2007) , this is the great challenge of the role that the professor should play in the process of professional training.
Due to these factors, the traditional model in which the student attends class passively gives way to active learning. According to Auster & Wylie (2006) active learning is characterized by the strong involvement of students in developing their own knowledge, who usually participate in practice drills and projects for real-world problem solving.
In Production Engineering, the transition for the active learning model has happened frequently in performing the creative dynamics of teaching. According to Santos et al. (2013) , the use of these new approaches has been diffused as an effective alternative in assimilation of technical concepts. These dynamics often mimic the behavior of production systems and provide students the opportunity to experience situations that are usually described (but not tried) in lectures.
In this context, the aim of this paper is to present a didactic game as a support tool to the teaching of production engineering and the concepts presented in the course of Factory Design and Layout, through the simulation of a production process of a signature's factory, from which students can address various concepts relating to production systems, Takt Time (TT), Kaizen, process improvement and teamwork.
The article initially presents a brief literature review that identifies some of the most recently used teaching methodologies and highlights the application of didactic games and playful activities in engineering teaching. The article then describes in detail the methodology for developing the dynamics of the "Signatures Factory". Nunes & Silveira (2008) , so far, science has not been able to respond how the human brain changes with learning. It is suggested that there should be some modification in the nervous system, the nature of which has not yet been fully elucidated. Moreira et al. (1997) , understand that learning is the process in which new information relates non-arbitrarily and substantive to the learner's cognitive structure, that is, learning is related to the ability to acquire and store ideas, giving them psychological significance.
Learning styles
According to Silva & Silva (2006) learning styles are individual ways of perceiving and systematizing the experiences to which all individuals are exposed from birth, that is, the way in which the human being learns about things. Felder & Henriques (1995) consider that learning styles are the means that individuals use to acquire, retain and recover information; these learning must be taken into consideration by the teacher who wishes to maximize the learning of his class.
It is worth emphasizing that the teacher must use strategies to reach all learning styles, seeking to encourage the development of the class to maximize learning. Silva & Silva (2006) , understand that knowing how students learn helps to develop strategies that best fit the learning process of the same.
Dynamics for the teaching-learning process
Teaching methods have evolved over the years toward learning through direct involvement of students with the content taught and reality (Zepke & Leach, 2010) . In pursuit of this evolution, there comes the concept of active learning, defined in a simplified manner by Bonwell & Eison (1991) as an approach that "involves students in doing things and thinking about what they are doing." Active learning is characterized by great involvement of students in the learning process (Heriot et al., 2008; Prince, 2004) , improving their ability to convert theoretical concepts into practical knowledge.
Active learning is a broad term and can be manifested in various ways. According to Snider & Balakrishnan (2013) , experiential learning is a more intense form of active learning, since students have the opportunity to learn through direct experience with the object of study. Figure 1 shows the view of the authors for the different modes of active learning.
According to Bordenave & Pereira (1985) , progressive pedagogical approaches to teaching and learning have been constructed and involve training professionals as social subjects with ethical, political and technical skills and endowed with knowledge, reasoning, criticism, responsibility and sensitivity to issues of life and society, enabling them to intervene in contexts of uncertainties and complexities.
Currently, experiential education has been accomplished in the classroom through interactive learning dynamics. The application of teaching-learning dynamics within Production Engineering has been reported frequently in simulations and games involving concepts of production management. Snider & Eliasson (2009) , in turn, used LEGO® mounting parts to explain the differences between manufacturing and remanufacturing in programming environments with the MRP I (Material Requirements Planning) and MRP II (Manufacturing Resources Planning) systems. Gokhale (1995) observed that students who participated in active teaching experiments performed better on critical analysis tests than students who studied individually. In international publications, it is also possible to identify dynamics that use different types of materials, such as data sets (Lambrecht et al., 2012) , paper airplanes (Billington, 2004) or PVC connections (Santos et al., 2012) . In general, these dynamics require student participation in simulations that reproduce, by analogy, productive production environments and processes. This type of simulation is called Smeds (2003) , a social simulation which differs from the computational simulation because it is characterized by human interactions among the participants.
Games and simulations in the Production Engineering area
There are currently many countries that have used the application of business games as a complementary form of teaching, in order to realize the interaction between theory and practice, and the possibility of interaction of students with similar situations they will face in their professional future.
According to Mury (2002) , company games are a kind of dynamic in which a decision-making exercise is performed in sequence, seeking systematic training of a team or group of teams working on the model of business operation in which participants take positions set as if they are within a company. Its main use today is principally in business training; however, one of the difficulties is to make the model as close to reality as possible.
According to Miyashita et al. (2003) , in Brazil, the use of company games is still not appreciated, because for some people, business games still have a purely playful and time-consuming connotation. For Dillenbourg (1999) , the validity of such games is still a paradigm in the process of change; the experiences of educators of several world-wide institutions have been positive and promote a transformation in the way of facing the complementarity of games when allied with traditional methods of teaching.
For the paradigm shift to occur, it takes the development of games for specific purposes that allow its implementation in various areas of Production Engineering. In addition, there should also be the motivation and awareness among educators of the need to add value and efficiency to their courses, as it is the experience of others, as well as studies, qualitative and quantitative, conducted on company games, which makes them more productive and effective in the teaching-learning process.
Production concepts

Layout
According to Nigel et al. (1999) , the layout of productive operation is concerned with the physical location of processing resources (plant, machinery, operators). The layout is one of the most obvious characteristics of a production process, as it determines its own shape and appearance. The layout also determines how the resources processed (customer, product, materials and information) flow through the process.
The layout or physical arrangement is the rational organization of all resources and technologies needed to achieve the operational level of industry goals, materializing in the way these resources will be arranged in three-dimensional space. Rational organization means the pursuit of harmonization and integration of equipment, manual labor (direct and indirect), materials, areas of handling, storage and other resources and technologies (Olivério, 1985) .
Types of layouts
There are four traditional types of layouts: functional layout or process layout by product or in line, positional layout and cell layout. The types of layouts found most often in companies are presented and characterized briefly below.
Positional layout
According to Krajewski & Ritzman (1999) , this layout is characterized by a spatial arrangement where the material to be processed (piece, part or item) remains static while the operators and equipment (processing resources) move in its direction. For Silva & Rentes (2012) , this is a very particular type of layout and is normally used in the manufacture of large products or products that will remain fixed at the place of manufacture. E.g. buildings, bridges, ships, heavy machinery, surgery, etc.
Functional layout
In this type of layout, devices are grouped according to similarity of operations in the production process regardless of the processed product. The grouping of similar machines is characteristic of this type of arrangement, forming departments or sectors of processes with fairly common nomenclature in factories, such as the stamping sector, machining department, painting section, inspection sector, etc. These settings do not identify the plant or its sectors the products manufactured, but by its processes (Krajewski & Ritzman, 1999) .
Layout by product
In this type of layout, the arrangement of jobs follows the sequence of the processing of the product, forming a set of equipment and keeping in common the sequential processing of parts of a product. In this, the processed resource is moved and the processing resource is static (Olivério, 1985) .
Cell layout
According to Rother & Harris (2002) , a cell is defined as an arrangement of people, machines, materials and methods in which the process steps are close and occur in sequential order, through which the parts are processed in continuous flow. The processed components are grouped into families (similarity shapes and / or dimensions and / or processes). The physical layout of a cell "U" is the best known, but many different ways are possible.
Takt time (TT)
The German word 'takt' means to designate the measure of a musical composition, having been introduced in Japan in the 30s with the sense of 'production pace' when Japanese technicians were learning manufacturing techniques with German engineers (Shook, 1998) . The Takt time (TT) is set from the market demand and the time available for production; it is the pace of production needed to meet demand. Mathematically, it results from the ratio of the time available for production (available capacity) and the number of units to be produced (demand).
Kaizen
According Werkema (2006) , Kaizen is a Japanese term that means continuous improvement, being a methodology for achieving rapid improvements which consists in the organized use of common sense and creativity to enhance an individual process or an entire value stream.
According to Imai (1994) , Kaizen philosophy means small improvements made in practice as a result of continuous efforts. Toyota has become a benchmark of the best practices and world-class concepts in the application of Kaizen, through the efficiency that conducts its processes, where these practices focus on eliminating any and all production loss, converting it into value (Rother, 2010).
Methodology
Dynamic simulation of factory signatures
The following are the enabler concepts of the practice of teaching employed in the proposed methodology in the discipline of Plant Layout and Design, where its efficiency can be seen in practice after access to the necessary theoretical concepts can be seen in practice its efficiency.
In this section, aspects related to the proposal to create a simulated factory environment are described, which allowed 32 students to apply the concepts learned during the lectures on the content of types of layout and process improvement. Figure 2 shows the sequence of dynamics, which consists of the following steps:
They are also inserted in the dynamic: Client: Professor; Suppliers: Students; Product: Sheet with signatures of all the participants in the dynamic in Figure 3 . -A leader is appointed by the students, who will be the production manager;
-Professor tells the time that will be available for the production rounds;
-Students organize the process for the production run;
-Time is recorded while students collect the signatures;
-After the time is reached the process is stopped with the professor's command; -The sheets are checked to examine whether all signed within the stipulated time;
-Each sheet that does not contain the signatures of all participants is considered non-compliant and will be rejected by the client;
-Discussion of the results of the round and proposals for improvements.
Results and discussion
The proposal was developed and carried out with a group of a Production Engineering course in the Factory Layout and Design discipline, consisting of 32 students.
1st Round: Each participant is given a blank sheet of paper where they should fill in their name in the upper right corner to identify themselves. Initially a, time of 150 seconds was determined to conduct the first round of signature collection. With the time information for the activity and the demand, Takt time (TT) was calculated: 
After calculating and analyzing the Takt time (TT), it was discovered that each signature cannot exceed 4.7 seconds each; if exceeded it will not meet demand.
Using a timer, the Professor authorizes the start of the signature collection and triggers the 150-second time count. What can be seen at first glance it is that students begin the search for the signatures in a disorderly manner which generates a great disorder; in the first round the room layout was arranged as shown in Figure 4 . As there was no prior organization for the realization of the 1st round, students were seeking signatures without an orderly method or flow, which generated great confusion and disorder because each one left his or her desk heading toward another to collect signatures.
The students completed the signatures on all sheets in 250 seconds. The customer (professor) said that the proposed time was extrapolated at 100 seconds. After the round, some time should be available for discussion and analysis of the round with the class to check the points where there were failures, and that did not favor the meeting of the demand.
Many reasons are raised by students during the debate, such as: After the discussion and survey of the causes, the professor provides a time of 5 minutes to the leader along with the group organizing the process for another round of production.
2nd Round: From the discussion, another round is suggested; however, with some changes from the previous one. The proposed time for completion of production will be 90 seconds. In this case Takt time (TT) will be: The students found that if the process is arranged in line, students are static (processing resource) and the sheets are in motion (processed resource), there will be the less unnecessary wasteful movement and transport, making the process more efficient.
After the new layout organization, the professor handed out new sheets on which each student put his or her name at the top right of the page, stating that the new round would start and everyone had to stay in their proper places. The timer is triggered and the sheets are passed among the students to perform the signature.
In the second round, the students complete the production of all the signatures in 75 seconds, before the stipulated time that was 90 seconds, which generates great satisfaction in the participants for having improved the process and reached the goal. It could be observed that in reaching the goal, some situations were identified, such as the presence of some production bottlenecks where some sheets were piling up; these bottlenecks were generated due to the size of the signature of some students. After the round, the professor checks and validates the sheets to examine whether all contain 32 signatures, and the production lot is approved.
3rd Round: Professor suggests another round of production to instigate students to reduce waste and eliminate bottlenecks that were seen in the previous round. A time of 5 minutes is available for the students to make a new debate to improve the process. The professor reports that the time for delivery of the lot shall be reduced to 60 seconds; the Takt time (TT) is recalculated:
1.875 / 32
Students identified the problems of the previous round and suggested that each give only one look in the sheet and that the layout be changed to the positional type, where the processing resource (student) moves and the processed resource (sheet) is static; the students take a standing position and reduce the number of desks, having 02 students per desks to reduce movement during the course of signatures, as shown in Figure 6 .
After the new layout organization, the professor handed out new sheets, where each student put his or her name at the top right of the page, and reported that the new round would start, so everyone stays in their proper places. The timer is triggered and the students move toward the sheets to perform the signature.
In the third round, students complete the production of the signatures in 48 seconds, before the stipulated time that was 60 seconds, which generates great satisfaction in the participants for having improved the process and reached the goal.
But in reaching the objective, certain situations have been identified, such as the presence of some production bottlenecks where some students eventually bumped into each other when moving from desk to desk; these bottlenecks were generated due to the size of the signature of some students. After the round, the professor checks and validates the sheets to examine whether all contain 32 signatures, and the production lot is approved.
This dynamic shows that the continuous improvement process is constant, because if they had performed more rounds, the process would be improved in every situation, as waste is always noticed in every round.
Closure of dynamics
The closure of dynamics must highlight, in brief, the initial state of the process, to check whether the goals have been achieved and what has been improved after each round. Performing a comparison of the first to the third round, note that there was a reduction in execution time of the activity from the second round; this improvement in time was achieved due to the search for continuous improvement in the process layout, and the proposals for improvement performed after the initial round were evident, as in the last two rounds the production was performed before the proposed time, as shown in Figure 7 . Note that in round 02 there was the fulfillment of production with a gap of 15 seconds and round 03 had a gap of 12 seconds, which shows that the layout organization, elimination of waste and the team commitment were crucial to achieving goals.
At the end, a period of time should be reserved for the participants so that they can envision new improvements that could still be effected in the process. Finally, the mediator of the dynamics should encourage participants to comment on the lessons learned and the contribution in shaping the activity provided.
Evaluation of the dynamic
After performing the analysis, a questionnaire was distributed in order to obtain student feedback in the activity performed. Anonymous questionnaires were composed of 04 questions: -Learning: Did your participation in the dynamics facilitate your learning of theoretical concepts of discipline? -Motivation and involvement: Did the application of the dynamics of learning make the class more interesting and motivate you to participate more in the discipline?
-Practice of Perception: Did the dynamics of learning allow you to identify the types of existing layouts in the processes more easily in real situations?
-Importance and continuity: Do you think it is fundamental that this dynamic is always used in the discipline of Plant Layout and Design?
The result of the questionnaire is shown in Table 1 .
As can be seen in Table 1 , the activity was well accepted by the students. Qualitatively analyzing the effects of the application, the professor noticed a significant increase in the students' motivation after participating in the dynamics.
According to the classification of Snider & Balakrishnan (2013) , the activity presented falls as an active learning dynamic, semi-structured experiential way. In this case, students go through a process of experimentation with well-defined rules and perform a simple activity that can be inserted in the context of regular class.
Conclusion
This paper described a teaching dynamic used to understand the concepts of layout, continuous improvement, teamwork, process improvement and elimination of waste. The activity followed the philosophy of active learning, encouraging students to experience situations that help them to consolidate theoretical concepts and construct their own knowledge.
New teaching methods have increasingly been highlighted in the universities. However, using these methods has only occurred in a relatively timid manner, and therefore require a lot of resources, both financial and intellectual in some cases.
The application of the dynamic signature's factory with the undergraduate students of the Production Engineering Course proved to be very interesting. This dynamic has become an additional resource for teaching Production Engineering. The concepts about the types of layout, Kaizen, Takt time (TT), production balancing, and teamwork are easily transmitted to the students, and make a much more attractive class from the didactic point of view.
The experiential learning (through educational games) shifts the main role of the teaching-learning process to the student, who becomes the center of the process, unlike traditional teaching that focuses on the role of the professor. This facilitates greater involvement through the desire to search for competitive and cooperative learning. The group work prevails over the expository and individual presentation of the professor.
Some doubts always occur during the performance, especially when working with a large number of students; the professor must always strive as much as possible to maintain organization on site the day of activity.
As for the results, the change caused by the realization of the dynamic and breaking the routine of lectures stands out on part of the students. They emphasize that topics often worked on only theoretically can be experienced in practice, demonstrating possible cases and difficulties they will face in the manufacturing environment. The answers to the evaluation questionnaire, which was applied immediately after the completion of the dynamic, confirmed the widespread acceptance that it had among students. 4. Importance and continuity: Do you think it is fundamental that this dynamic is always used in the discipline of Plant Layout and Design?
I totally agree 85%
I agree 15%
Neither agree nor disagree 0% Disagree 0%
Strongly disagree 0%
Source: Author.
